synthesised are hygroscopic and should be stored under an inert atmosphere.
Synthesis of protio ILs

Preparation of 1-ethyl-3-methylimidazolium bromide, [C2mim]Br
This product was prepared according to the literature method. 1 Distilled 1-methylimidazole (91.7 g, 89.0 mL, 1.12 mol) was added dropwise to a flask containing an excess of freshly distilled 1-bromoethane (133.8 g, 92.0 mL, 1.23 mol). The mixture was stirred for 15 min at 50°C, until the initial turbidity disappeared, and then for 2 h at 70°C. Upon cooling to 0°C, a white solid formed, which was ground in a glovebox. The solid was treated with ethyl acetate (20 mL) and stirred at 10°C for 1 h under nitrogen. After removing the solvent via cannula filtration, the white solid was dried in vacuo at 60°C for 6 h (185.7 g, 87% yield 
Preparation of 1-dodecyl-3-methylimidazolium bromide, [C12mim]Br
A slight excess of freshly distilled 1-bromododecane (183.7 g, 177.0 mL, 0.73 mol), distilled 1-methylimidazole (56.6 g, 55.0 mL, 0.69 mol) and dry toluene (150 mL 
Synthesis of chain-deuterated ILs
Synthesis of [D5]-1-ethyl-3-methylimidazolium bromide, [C2mim-d5]Br
Distilled 1-methylimidazole (3.55 g, 3.44 mL, 43.2 mmol) was added dropwise to a 10 mol% excess of [D5]-ethyl bromide (5.42 g, 3.55 mL, 47.6 mmol). The mixture was stirred at 50°C
for 15 min, and then for 2 h at 70°C. Upon cooling to room temperature a white solid formed, which was ground in a glovebox. The solid was treated with ethyl acetate (20 mL) and stirred at 10°C for 1 h under nitrogen. After the solvent was removed via cannula, the white solid was dried in vacuo at room temperature for 2 h followed by 60°C for 8 h (7.85 g, 93% yield). The degree of deuteration on the ethyl group was quantitative. 1 H NMR (400 MHz, dmso-d6, 293 K), δ (ppm): 9.28 (s, 1 H), 7.84 (m, 1 H), 7.75 (m, 1 H), 3.86 (s, 3 H).
Synthesis of [D5]-1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, [C2mim-d5][Tf2N]
A solution of [C2mim-d5]Br (7.75 g, 39.5 mmol) in deionised water (7 mL) was treated with a solution of Li[Tf2N] (11.34 g, 39.5 mmol) in deionised water (8 mL). 
Synthesis of [D8]-1-ethyl-3-methylimidazolium bromide, [C2mim-d8]Br
This product was prepared according to the literature method. 1 [D3]-methylimidazole (3.8 g, 44.6 mmol) was added dropwise to [D5]-ethyl bromide (5.6 g, 3.7 mL, 49.6 mmol). The mixture was stirred for 15-20 min at 50°C, until the initial turbidity disappeared, and then for 2 h at 70°C. Upon cooling, a yellowish solid was obtained, which was ground in a glovebox.
The solid was treated with ethyl acetate (15 mL) and stirred at 10°C for 1 h 30 min under nitrogen. After removing the solvent via cannula filtration, the white solid was dried in vacuo at 60°C for 6 h (7.5 g, 85% yield). The degree of deuteration on the alkyl groups was quantitative. 1 H NMR (400 MHz, dmso-d6, 293 K), δ (ppm): 9.29 (s, 1 H), 7.87 (m, 1 H), 7.78 (m, 1 H).
Synthesis of [D8]-1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, [C2mim-d8][Tf2N]
The preparation of this product was carried out using the reported procedure. 1 [D8]-1-ethyl-3methylimidazolium bromide (7.4 g, 37.4 mmol) and lithium bis(trifluoromethylsulfonyl)imide (11.9 g, 41.5 mmol) were stirred for 24 h at room temperature in deionised water (15 mL).
The biphasic system was treated with ethyl acetate (30 mL), the layers were separated, and the aqueous phase was extracted with ethyl acetate (15 mL). The solvent of the combined organic layers was removed in vacuo, and the crude was partitioned between ethyl acetate (10 mL) and deionised water (20 mL). The organic phase was thoroughly washed with deionised water (7  10 mL). Efficient removal of halides was tested by addition of a solution of AgNO3 in deionised water to an aliquot of the aqueous phase from the previous wash.
The organic phase was dried at 60°C in vacuo for 4 h (10.0 g, 67% yield). The degree of deuteration on the alkyl groups remained unchanged during the metathesis step. 1 H NMR (400 MHz, acetone-d6, 293 K), δ (ppm): 8.79 (s, 1 H), 7.59 (s, 1 H), 7.52 (s, 1 H).
Synthesis of [D25]-1-dodecyl-3-methylimidazolium bromide, [C12mim-d25]Br
[D25]-1-bromododecane (5.0 g, 18.2 mmol), 3 mol% excess of distilled 1-methylimidazole (1.54 g, 1.5 mL, 18.8 mmol) and dry toluene (4 mL) were heated at 60°C under nitrogen overnight. The homogeneous solution obtained was concentrated and dried under vacuum at 60°C for 6 h. Once the liquid was cooled to room temperature a white solid was formed (6.05 g, 95% yield). The degree of deuteration on the dodecyl group was quantitative. 
Synthesis of [D25]-1-dodecyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, [C12mim-d25][Tf2N]
A solution of [C12mim-d25]Br (6.05 g, 17.0 mmol) in water (12 mL) was treated with Li[Tf2N]
(4.87 g, 17.0 mmol) in deionised water (12 mL). 
Synthesis of [D28]-1-dodecyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, [C12mim-d28][Tf2N]
A solution of [C12mim-d28]Br (3.46 g, 9.6 mmol) and water (10 mL) was treated with Li[Tf2N]
(2.81 g, 9.8 mmol) in deionised water (10 mL). partitioned between dichloromethane (25 mL) and deuterium oxide (15 mL). The layers were separated and the aqueous layer was extracted with dichloromethane (25 mL). The combined organic layers were washed with deuterium oxide (3  15 mL), and the solvent was removed in vacuo. The resulting colourless oil was dried in vacuo at 60°C for 6 h (4.6 g, 93% yield). The 1 H NMR spectrum in CD2Cl2 in the presence of hexamethylbenzene as an internal reference revealed a degree of deuteration of 87% on the C 2 position of the aromatic ring, and 94% on the C 4 and C 5 positions. The degree of deuteration on the alkyl groups remained unchanged during the ring deuteration step.
Synthesis of [D31]-1-dodecyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, [C12mim-d31][Tf2N]
This product was prepared following a literature method for the ring deuteration of its commercially available 80% aqueous solution of bis(trifluoromethylsulfonyl)imide), and the solvent was removed in vacuo. The residue was partitioned between dichloromethane (20 mL) and deuterium oxide (20 mL). The layers were separated and the aqueous phase was extracted with dichloromethane (15 mL). The combined organic layers were washed with deuterium oxide (3  15 mL), and the solvent was subsequently removed in vacuo. The resulting colourless oil was dried in vacuo at 60°C for 6 h (5.52 g, 94% yield). The 1 H NMR spectrum in CD2Cl2 in the presence of hexamethylbenzene as an internal reference revealed a degree of deuteration of 94% on the C 2 position of the aromatic ring, and 95% on the C 4 and C 5 positions. The degree of deuteration on the alkyl groups remained unchanged during
